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Abstract

This paper shows that imperfect output subgtitutability explains part of the observed persstent
plant-level productivity disperson. Specificaly, as subgtitutability in a market increases, the market's
productivity digtribution exhibits faling digperson and higher centra tendency. The proposed
mechanism behind this result is truncation of the digtribution from below as increased substitutability
shifts demand to lower-cost plants and drives inefficient plants out of busness. In a case study of the
ready-mixed concrete indudtry, | examine the impact of one manifestation of this effect, driven by
geographic market segmentation resulting from transport cogts. A theoretica foundation is presented
characterizing how differencesin the density of local demand impact the number of producers and the
ability of customers to choose between suppliers, and through this, the equilibrium productivity and
output levels across regions. | aso introduce a new method of obtaining plant-leve productivity
estimates that iswdl suited to this application and avoids potentid shortfdls of commonly used
procedures. | use these estimates to empiricaly test the presented theory, and the results support the
predictions of themodd. Locd demand density has a Sgnificant influence on the shape of plant-leve
productivity distributions, and accounts for part of the observed intra-industry variation in productivity,
both between and within given market aress.
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Market Structure and Productivity: A Concrete Example

Recent empirica explorations have left little doubt about the magnitude of plant-level tota factor
productivity variation: it isenormous. This heterogeneity is aso persstent. Perhaps surprisingly, much
of the variation cannot be explained by differences between (even narrowly defined) indudtries. For
example, studies reviewed in Bartd sman and Doms (2000) have found 85"-to- 15" TFP percentile
ratios of between 2:1 and 4:1 within various four-digit SIC indugtries. Productivity growth aso exhibits
huge within-industry dispersion: Hatiwanger (1997) finds that only 8.5% of productivity growth
variaion is explained by four-digit industry. An assortment of theoretical work has arisen attempting to
explain the sources of such diversty. The great mgority of this research focuses on supply-side
(production) causes, such asidiosyncratic technology shocks, management influences, R & D efforts, or
investment patterns*

In this paper | turn my attention to the demand (i.e., output market) side, and look a how
market structure can cause such within-industry heterogeneity to persist.? | argue that across-plant
differencesin output market conditions are partialy responsible for observed persistent productivity
dispersion—and in fact, the digpersion of that dispersion. The specific channd through which this
posited influence flowsis variable output substitutability in aworld of product differentition. The more
difficult it isfor consumersto switch between competing suppliers, the greater the amount of disperson
that can be sustained. | will focus here on a particular component of subgtitutability, geographic market
segmentation created by transport costs, and examine itsimpact on productivity disperson within a
sgngleindustry. The purpose of this paper, however, isnot to give the final word on trangport costs and
productivity in aparticular industry. Insteed, | hope to show through a detailed case sudy—where
many potentidly confounding factors are held constant—how transport costs as well as other
subdtitutability factors might impact productivity variation and levels throughout the economy.

The rationde for usng output market effects, and substitutability specificdly, to explain the
degree of within-industry productivity heterogeneity is more readily gpparent when we consder how

! Just a sampling includes Jovanovic (1982) and Ericson and Pakes (1995). See Bartelsman and Doms (2000)
for areview of thisliterature.

% There are supply-side stories that can explain persistent dispersion aswell. | simply want to highlight
another piece of the puzzle, to my knowledge not previously formalized, from the demand side.
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such wide efficiency variation can exist in equilibrium. After dl, output should tend to be redllocated to
more productive plants over time. High-productivity plants are able to produce output at lower cost
than indudtry rivals, alowing them to grab additionad market share by undercutting their opponents
prices without sacrificing profit rates. We might expect this process to redistribute most or dl of an
industry’ s production to a sdlect few high productivity plants. Output and productivity patternslike this
are not usudly observed in the data, however; the overwhelming weight of empirica evidence indicates
widdy varying producer productivity levels within nearly every indudtry.

What prevents this output reallocation process from occurring? Some possible explanations,
such as demand booms (which alow nearly anybody to operate profitably temporarily), are short-run
gories. They cannot explain why we see large within-industry productivity dispersion throughout the
business cycle. Persastent technologica disparity driven by supply-side factors may play an important
role. However, thereis dmost certainly more to the story. Imperfect output substitutability isalong-run
explanation that is likely to account at least in part for the observed productivity dispersion. For
example, microbrewers may not produce their output a nearly as low a unit cost as Miller or Anheuser-
Busch, but they can survive (and even thrive) in the long-run marketplace because segments of the
population prefer microbrews to mass-produced beer and are willing to pay the higher unit prices
necessary to support the microbrewers, rather than buy from their competitors.

In Syverson (2000) | examine the role across-industry differences in measurable output
subdtitutability factors play in determining the equilibrium digtribution of plant-leve productivity within an
industry. The testable premise of that work is that industries with less output market segmentation (i.e.,
greater subdtitutability) should have plant-leve productivity distributions that have less digperson and
higher centrd tendency than distributions in industries with more segmented markets. Theintuition
behind this notion issmple. Greater subdtitutability makesit eader for customers to shift purchasesto
more efficent producers, driving plants at the bottom end of the productivity distribution out of business
and raising the bar for successful entry. Thistruncation of the distribution lowers productivity disperson
and increases the average efficiency levd in the indudtry.

This paper builds upon that theme, but takes a much more directed approach by looking at the
influence of a 9ngle source of market segmentation within one four-digit SIC indudtry. Instead of relying



on output subgtitutability variation across industries to explain differencesin industry productivity
digributions, this sudy investigates how within-industry market segmentation creates productivity
dispersgon within and between these market ssgments. A single-industry case sudy is auseful
complement to interindustry work. 1ts narrow focusimplies that the results found here do not have the
comprehensiveness of the across-industry study, but it benefits from the fact that the influence of
technologica differences on productivity heterogeneity has largely been removed. The industry choice
for the case study a0 isolates the effect of a Single source of market segmentation that has inherent
interest to asignificant body of economic research: transport cogts.

The industry | focus on is ready-mixed concrete (SIC 3273). It hasanumber of characteristics
that make it very favorable for thisstudy. Firgt, of course, industry production is subject to substantia
trangport costs. This creates a series of quasi-independent geographically segmented markets—al
potentialy subject to idiosyncratic demand movements. | look a how output subgtitutability differences
(manifested through competition among varying numbers of producers for a given set of consumers)
across these loca markets affect the plant-leve productivity distributions within them. High trangport
costs dso result in an industry characterized by alarge number of geographicaly dispersed
establishments, which is useful in the empirica portion of the pgper. Findly, indusiry output isrdéively
homogeneous. This diminishes the influence of physical product differentiation on the plant-leve
productivity digtribution, which | have found in Syverson (2000) to have a substantid effect across
indudtries. This sharpens the focus on geographic market segmentation rather than sources of agpatia
market heterogeneity.

| model and empiricaly test a competitive market structure that resultsin local concrete markets
with high demand density (demand per unit area) having productivity distributions distributed more
narrowly around a higher mean than thosein low densty markets. Further, plants in these higher-
density markets tend to be larger and each serve a grester number of customers. The mechanism
through which this happens will be explained in detall below, but can be summarized asfollows. A
larger market requires more producersto serveit. The larger number of concrete establishmentsin a
fixed market area leads to grester output subgtitutability for concrete buyers. High substitutability and

the corresponding rise in competitive pressures imply in turn that low-efficiency plants cannot operate



profitably, given the ability of customersto switch suppliers. These low-performing producers are
forced out of business, truncating the low end of the plant-leve productivity digtribution. The resulting
long-run equilibrium yields productivity distributions in larger markets that have less productivity
dispersion, higher average productivity, and a greater share of output produced by high-efficiency
plants. Thisaso causes a curious betweenplant form of returnsto scae: producersin larger markets
are more efficient on average, but not because plants become more productive as they themselves
become larger. Instead, the observed scale effect is the product of selective survivorship: less
productive establishments are eiminated as markets grow.

It is easy to imagine how geographic market ssgmentation consegquences can extend beyond the
ready-mixed indugtry, epecidly into manufacturing industries with low vaue-to-weight outputs and the
retail sector, but aso into other industriesto alesser degree. Imperfect subgtitutability crested by
transport costs can thus explain a portion of the persistent productivity heterogeneity throughout the
economy.

The paper is organized as follows. | begin by congtructing and simulating a theoretical
framework that formaizes my intuitive premise. Thisisfollowed by a discusson of plant-leve
productivity estimation methodology, where | introduce a novel estimation procedure that avoids the
potentid pitfals of commonly used methods. After reviewing the data, | present the empirica results

and test them for robustness to severd identification assumptions. A conclusion follows.

I. Theory

To formalize the story linking demand dengity, the number of producers, output substitutability,
and thelocal productivity distribution, | require atheoretical framework that incorporates heterogeneous
producers and contains some notion of consumers choosing among suppliers with differentiated
products (here, differentiation is with repect to location within the market). Further, it should dlow the
endogenous determination of the equilibrium plant productivity and output digtributions, and offer
testable implications as to the nature of these as exogenous factors vary. The primary exogenous
variable that | am interested in is demand dengty, of course, so the modd should incorporate this
variable into equilibrium determination. | meet these requirements by extending the framework first



presented in Salop (1979) to dlow for heterogeneous producer costs. The resulting model, described

below, incorporates these items and serves as atheoretica foundation for my empirical work.

Model: Market Structure
Consumers, each having an indastic demand for one indivisible unit of ready-mixed concrete,
seek to maximize the surplus of their concrete purchases, given as

iq- ptif y=1
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wherey is the quantity of concrete purchased, q is the benefit obtained from the concrete, and p' isthe
price paid by the consumer inclusive of the cost of trangporting the concrete from the plant. Clearly, the
consumer will purcheseif g > p'. | assume for amplicity that consumers are identical and have ahigh
enough vauation of concrete (alarge enough @) such that they dways purchase a unit in equilibrium.

A continuum of such consumersis evenly digtributed around a circle of unit circumference with a
dengty of D consumers per unit of length. Given the preference assumptions, thisimpliesthat tota
quantity of concrete sold in the market will be D. Thisdemand density D is the exogenous varigble of
focus; | draw testable empirical implications from its derived effects on anumber of the mode’s
characterigtics.

N concrete plants, evenly spaced around the circle, serve this market. Each producer
manufactures a homogeneous product and is subject to an identicd fixed production cost F, aswell as
an idiosyncratic margind cost ¢; drawn from a common distribution. Producers sl their output to
nearby consumers for afactory-door price of p plusthe transport cost of t per unit length from the plant
to the customer. That is, p' = p + tx, where x isthe length of the arc between the plant and the
customer. | assume that each plant’s cost draw and price are observed by all producers in the market.

| examine equilibria where there is a consumer between any two neighboring plantswho is
indifferent between purchasing from either producer.® The location of this consumer depends, of
course, on the prices of the two plants and transport costs. For any two neighboring plantsi and j, the

indifferent consumer islocated a alength x; ; from plant i, where x; ; solves

% Thisisthe “competitive” regime described by Salop (1979).
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and p; and p; are the factory-door prices set by plantsi and j, respectively. Thus

(pj'pi) 1
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Any consumers on the (shorter) arc between plantsi and j who are closer than this distance to plant i
purchase from i, while those further away (but still between the two plants) buy from .

Usng anumerica index to differentiate individud plants, any plant i with neighborsi-1 and i+1
will have sales equal to (dropping the first subscript in x)*

q, = (x., +x.,)D (4
and profits of

P =(X.1*x.)p-c)D-F (5

Each plant chooses its (factory-door) price p; to maximizeits own profits. By subgtituting (3)
into the profit equation and maximizing, it is a Sraightforward matter to derive the implied optima price
for planti as
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Thus aplant’s optimal price increasesin its neighbors' prices, per-distance transport costs, and its own
margina cost. It decreases with the number of producersin the market. All of these implications are
sensble.

Each producer’ s optimal price directly depends only on the prices of the plants neighboring it on
either sde. However, because each of those neighboring plants prices depend in turn on the prices of
their two neighbors and so on, every plant’s optima price depends on the prices of al market
producers. Thusoptimal prices are smultaneoudy determined. Finding the expression for plants
optimd pricesisfacilitated by expressng (6) for dl plantsin vector form, imposing the fact that each
plant chooses its optimum price in response to al of its competitors aso pricing optimaly (bold face

* Note that because of the circular shape of the market, the numerical index must “wrap” around itself as
plants are consecutively numbered around thecircle. That is, in amarket withN plants, plant 1 has plant 2 and plant
N as neighbors, not plant 2 and plant 0. This peculiarity comesinto play below in the configuration of a selector
matrix that selects the two neighbors of each plant in the market.
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script denotes matrix and vector quantities):
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The vectors p* and ¢ contain the prices and cost draws of all plants on the circle, from 1 to N. The
matrix i isavector of N ones, making the second term on the right Side a vector with every eement
equd tothequantity t , 2N. S, isasdector matrix that selects for each plant certain values (prices
here) of the two neighboring plants®

Equation (7) issolved for p* to yield Nashroptimd pricesfor dl plantsin terms of the mode’ s
fundamentas

=S+ &0 where s 1. 158 (g
eNg 2e 4 g

Sisnot adiagona matrix, so each plant’s optimal price is determined by the cost draws of every plant.
Infact, S has properties that make it aweighting matrix determining how much importance a plant puts
on its own and each of the other plants costs when computing its optima price. One such property is
thet the sum of al dementsin each row of Sisone, of course. Further, the elements on the main
diagond are dso the largest ementsin their respective rows (i.e., a plant factorsits own cost most
heavily into optima price setting). The magnitude of the e ements declines with increasesin the
circumferentid distance between the two plants corresponding to the element’ s row and column indices
(i.e,, the cost draws of plants on the opposite Side of the circle factor least into price-setting). Sis
symmetric, and dl eements dong a given diagond are equivaent (i.e,, only relative positioning around
the circle matters). All the eements are dso positive. While higher competitors costs imply thet a
producer can sal more at agiven price, they dso dlow a producer to increase profits by rasing
markups with less fear of losing businessto neighbors. The fact that dl dementsof S are positive
implies that this second effect dominatesin this model; competitors costs enter with postive weights

into optimd pricing. Because the row dements of S sum to one, the term (t/N)Si isSmply avector with

® The circular market shape means that for the arbitrarily numbered “first” and “last” plants, the elements of
S, corresponding to one of their neighbors are well off the main diagonal. Thisis because these two plants are
neighborsto each other on the circle, even though their index values are quite different. ThusS, has elements equal
to 1 inthefirst off-main diagonals and in the lower-left and upper-right corners, and 0 everywhere el se.
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identical dlements equal to t/N (that is, i isan eigenvector of S).°
In the gppendix, | derive the following expression for plants quantities sold at their optimal
prices.

Dél t.u
F=—a\S,- 21 )Ssc+—i; (9
(S 2)ser i ©

It isimportant to note thet it possible for individua eements of g* to be negative if aplant has
aufficiently high costs rdative to its neighbors. Negative market areas and output do not make practica
sense, of course. | will discuss further below how such plants are eiminated from the market in a
shakeout process.

Returning to the expresson for optima prices, it isasmple matter to obtain an expression for

per-unit margins as
p*-c=(S- | )c+ﬁi (10)

| show in the appendix that this expresson is equivalent to the quantity insde the brackets in equation

(9). Inother words, aplant’s price-cost margin is equa to its market area (as measured by the length
of the arc in which its customers reside) multiplied by the transport cost t. This affords an expression

for aplant’s profit, conditiona upon its optimal quantity being postive:

2
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where s ; isthei,j-th dement of S (the cost-weighting matrix). As mentioned above, the term ingde the
brackets must be positive for the plant to produce; while negative vaues of this expresson
mathematicaly create postive profits, they imply the unredigtic existence of negative outputs. Profits
predictably increase in other plants margina costs and decrease with one€' sown cost. The
characterigticsof S ensure the desirable property that the costs of plants nearer on the circle to plant i
have agreater impact on i’ s profits than those further away (that is, there is greater impact when |i —j|is
smdl—making exception for the “wrapping” of theindex). Noticethat if every plant shares the same

®Itisinteresting (and encouraging) to note that the homogeneous-producer equilibrium modeled by Salop
in hisoriginal work is aspecial case of thisframework. This can be easily seen by setting each element of the cost
vector equal to an identical value c. Inthis case, the right-hand-side of (8) isidentical for every plant. Theimplied
symmetric optimum priceisp = ¢ +t/N, which isthe solution in Salop (1979).
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margind cost, the second and third terms within the brackets cancel each other out and yield market
areasof 1/N and per-plant profitsof tD/N*—F. Thisis Sadop’s homogeneous-producer solution; it isa
gpecid case of this generdized framework.

Model: Entry, Shakeout, and Equilibrium

The model as specified above isfor an arbitrary number of plants. The equilibrium number of
producers is determined through the following entry—shakeout process. An infinite pool of potentia
entrants is assumed to be available. Entrants must pay a sunk cost of entry G before receiving their cost
and location draws. Margina cost draws are independently and identically distributed, so dl plants
entering the market do so with identical expectations of their own and their competitors' cost draws.
Given free entry, the number of plantsinitidly entering the market, Nenyy, Will be the largest number that
supports nonnegative expected profits from entry. Expected profits at entry equals the product of
average plant profitsin the post-shakeout equilibrium and the probability of a plant surviving the
shakeout, minus the sunk entry cost. That is, free entry implies that

Pr(Successful Entry )5 Post - Shakeout Profits |Successful Entry]- G=0 (12)
where both components of the expected operating profit a entry are functions of the number of
entrants. For agiven value of D and the other exogenous parameters, if both equilibrium profits and the
probability of surviving shakeout decline (weakly) monotonicaly in the number of entrants, thereisa
unique number of entrants such that the expected entry profits for (Nenr,+1) producersis negative. |
assume thisis the case for now and verify it in the smulations below.

The Neniry Entrants Smultaneoudy receive independent marginal cost draws from a common
distribution aswell as alocation draw on the circle. | require plants to be spaced evenly around the
crcle, so theinitia distance between plantsis 1/Newy. After the entrants have received their cost and
location draws, a shakeout process begins and no further entry is possible. Each producer knows its
own cost redization aswell asthe cost draws and locations of every other producer. Optimal prices,
quantities, and profits based upon these cost and location draws are computed according to (8), (9) and
(12).

| define a heterogeneous producer equilibrium to be one where dl plantsin the market, given



their margind cost and location draws, are optimally producing positive quantities and making
nonnegative profits. If al of the Nenyy initial entrants are able to do so gven their margina costs and
locations, then the origina configuration is an equilibrium. However, thisisunlikdy. At least one plant
inthisinitid configuration will most probably have a high enough margind codt rdative to its neighbors
costs so that ether its computed optimal output and margin are negative, or if these vaues are positive,
then profits are negative because revenues are less than the fixed cost F. To pin down the nature of an
equilibrium where dl producers have nonnegative profits, | specify a shakeout process which diminates
unprofitable producers from the market that is governed by a sequentia exit rule. The nature of the exit
ruleisasfollows.

For any given number of entrants, the lowest-performing plant in the market is identified for
elimination. “Lowest performing” is defined as ether the plant with the most negetive optima quantity—
if one or more such plants exis—or the plant with the lowest negative profitsif al optimum production
quantities are poditive. Either Stuation implies the plant will not produce in equilibrium. In the former
case no positive output can be supported given the cogt redlizations; any production will yield aloss of -
F. Thelatter dso implies such producers are better off exiting immediately than they are forging ahead
to produce at aloss. After this exit, the remaining producers costlessy redistribute themsdlves evenly
around the circle (however they cannot change their rdative postions—their ordind location in the
index), and optimum gStrategies are recomputed for the new configuration. The shakeout conssts of
repesating this process of diminating the lowest-performing producer, redistributing remaining plants, and
computing optimum prices until a configuration is reached where al remaining producers are making
nonnegetive profits. At that point, an equilibrium has been achieved.

It isimportant to note that while exit is sequentid, it does not take place in adynamic
framework. Rather, | am seeking a steady-state equilibrium arrived at through an iterdive,
performance-order exit rule. Of course, this process should not be thought of as aliterd description of
the evolution of an indugtry. | am not proposing that producers in a given market continudly pick up
their factories and move to a new location as competitors are diminated over time. Instead, the mode
can be thought of as a description of a game of smultaneous entry among heterogeneous producers,

where plants track their own likely evolution through the iterative exit process and make production
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decisions based upon the computed outcome.”

Examination of the expresson for plant-level profits (11) reveds the nature of the necessary and
sufficient conditions for existence of an outcome where al market producers operate profitably. The
only terms that are not common to al plants (and as such the source of profit differences across
producers) are those containing plant-specific cost draws. Clearly, the plant with the lowest sum of
these terms will have the lowest optimal quantity (and price-cost margin) and be the lowest- performing
producer. A necessary condition, then, for an equilibrium to exigt is that the smalest vaue of thissum
among dal producers (the value for the lowest- performing plant) must be great enough to yield postive
profits. That is,

tF t (13)
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It is gpparent in this expression that producers with reatively high margina costs have more difficulty
surviving the shakeout to produce in equilibrium. Asthe bar for profitable production is raised,
relaivey high-cogt plants find it more difficult to profitably operate, narrowing the equilibrium cost
digtribution and lowering its centrd tendency. This feature of the modd is crucid to creeting the
empirical implications explored below. Tightening of the necessary condition can occur either directly
through changes in the exogenous parameters D, t, and F, or from their resulting impact on the number
of producers.

A sufficient condition for the existence of such an equilibrium can be easly derived if the cost
distribution is bounded from above and below.? The most difficult scenario for a plant to meet the
profitable production requirement isfor it to have the highest possible cost draw while dl other
producers have the lowest cost draw. If aproducer can profitably operate in this scenario, the sufficient

" The enormous number of exit order permutations makesit impossible to prove that the exit rule is always a
subgame-perfect equilibrium. However, it isquite unlikely that any lowest-performing plant faced with the exit
decision will ever find it optimal to deviate from the rule and remain in the market. Thisis because the strongest
producers always stay in, and only a plant’ s weakest competition (though they are still in stronger position than the
possibly deviating plant) would exit in the case of adeviation. This particular exit rule, while not being a perfectly
verifiable equilibrium concept, seems the most sensible of the alternatives. Hence, when | refer below to the
outcomes from the lowest-performing-out exit rule as equilibria, | am not using it in the strictest sense. That being
said, this particular exit rule does not drive the results derived below. Indeed, any process which leads to weaker
(high-cost) plants having a greater likelihood of exit than low-cost plants will yield similar implications. To verify this,
| simulated the model using arule where the exiting plant each round is chosen entirely at random from those plants
with negative quantities or profits. | found that this made no qualitative difference to the outcomes.
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condition for al producers operating profitably has been met. Designate the largest and smallest
possible draws ¢ and ¢, respectively. In this case, the summeation of competitors costs smplifies as
(recdll that the elements of any row of S sum to one):

é S,;C =€ é Si, | :(1' Si) )CI (14)
jti

i

Using this smplification and (13), we can express the sufficient equilibrium condition as

b s.Jo-o)et- £ a9

The fact that the particular value of expression (13) depends upon specific redizations of
margina costs and relative locations precludes an andytica solution for the critica cutoff cost vadue. It
adso impliesthat given vaues of the exogenous parameters may yidd many quantitatively different
outcomes, each with varying numbers of producers and cogt distributions. Hence, numerica smulations
of the modd are required to ascertain the particular characteristics of equilibria as demand density

changes.

Model: Implications for Demand Density’ s Effects

While numerica smulation of the modd is necessary to precisdy compute the impact changesin
demand dengty D have on equilibrium outcomes, it isingructive to discuss the possible mechaniams
through which demand density could affect a heterogeneous- producer equilibrium. Specificaly, in order
to support the intuition discussed in the introduction, | am concerned with dengity’ s impact on the cost
digribution and plant Sze. Examination of the expresson for plant profits (11) offers hdpful indght.

The direct density effect shifts up the profit distribution by increasing sdles within plants market
aress. Assuch, the direct impact makesit easer for plants to operate profitably, aslong as their
optimal market areais postive. However, there are two countervailing indirect density impacts that
make it more difficult for plants (particularly high-cost ones) to produce profitably. Thefirg istherisein
the number of equilibrium producers as density increases. Because greater density means there are
more customers per each market arc length, a smaler market areais necessary to make postive profits.
This can (and does, as| will show) result in equilibriawith increasng numbers of producers as dengty

rises. Ceteris paribus, having more producersin a market lowers profits by decreasing sdes per plant in

® For unbounded cost distributions, just assume arbitrarily high and low realizations.
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equilibrium.®

Thereisafurther indirect influence of demand dengity on the equilibrium that is specific to the
heterogeneous- producer case. As| will show, the number of initid entrants riseswith density. If the
equilibrium number of producers does not rise proportiondly to the number of entrants (and it does
not), a greater fraction of plants exit during the shakeout process. Because, as seen above, high-cost
plants tend to have the lowest quantity and profit levels, they are more likely to be forced out of the
market. Asthe fraction of plants eiminated during the shakeout rises; then, the cost distribution of the
plants producing in equilibrium is further truncated from above.

This process, when combined with the impact of a greater number of equilibrium producers,
lowers the prospects of high-cost plants relative to low-cost producers. If the sum of these indirect and
negative impacts of dengty is great enough to offset dengity’ s direct and postive influence—and | will
show numericdly that it is—then increases in demand density yield heterogeneous-producer equilibria
with less cost dispersion and lower average costsin the market. If we think of productivity as some
reciproca function of margind cogts (it will be exactly the reciprocd if the wage is normdized to one
and the margind cost is equd to the labor required to produce each unit), then higher density markets
have less productivity disperson and higher means. Thisis, of course, the notion posited in the
introduction.

The influence of demand dengty on the number of producers serving each customer and on
average plant size depends on how the number of equilibrium producers varies with dengty. The plant-
to-demand ratio for amarket can be expressed as N/D. Obvioudy, if the dadticity of the equilibrium N
with respect to D isless than one, the ratio of producersto customersfals as densty increases. Aswill
be seen, thisisthe case. Likewise, because the average output of plantsin amarket is D/N, average

plant size in the model necessarily increases as D grows.

Model: Numerical Simulation
| numericdly smulate the model to determine the influence of changesin demand density on the
heterogeneous- producer equilibrium. 1 outline the procedure for doing so and present the results here.

Given selected vaues for the exogenous varidblest, F, and D, an equilibrium is computed in

° In the homogeneous-producer equilibrium, the increase in the number of producersis just enough to
counteract the positive profit effect of adensity increase, sustaining zero profitsfor any density level. However,
because (as will be seen) heterogeneous-producer equilibria have fewer plantsin equilibrium than the homogeneous-
plant case, the adverse effect on profits from the greater number of producersis not large enough to fully counteract
density’ sdirect influence.
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two steps. The first computes the number of initial entrants Nenry by computing the average expected
profits from entry for various numbers of entrants. The second finds post- shakeout outcomes for this
number of entrants.

In both steps, equilibria are computed in the following manner. For an arbitrary number of initid
entrants N,,, avector of independently and identically distributed margina cost draws of length N, is
created; these are the marginad cost draws of each plant a entry. A single plant’s cost must keep its
relative pogtion within the vector throughout the shakeout process. This requirement, in effect, makesa
plant’s relative position on the circle arandom draw and preserves the relative positioning of plants™®

Optimal prices, quantities, and profits are computed based on these cost draws. If Al plants
have nonnegetive market arc lengths and profits, an equilibrium has been achieved. Summary Setigtics
of the equilibrium plant-level distributions (such as the number of producers, the average markup,
average profits, and the average and standard deviation of the plant productivity levels) are then
caculated. If there are plants with negative profits or quantities, shakeout proceeds according to the
exit rule until an outcome is reached where dl plants are profitable. During the shekeout, the relaive
positioning of the remaining plantsis preserved, and optimal prices and quantities are computed
accounting for the fact that plants become spaced further apart after an exit.

To compute the number of entrants for each demand density leve that is consstent with free
entry, the modd is Smulated repeatedly at a fixed densty vaue while increasing the number of entrants
incrementally. Average profits and the fraction of initid entrants that survive the shakeout are computed
a equilibrium. Because equilibrium outcomes are themsdves stochadtic (due to variation in initia cost
and location draws), | average these vaues across 5000 equilibriafor each N, to compute the expected
vaue of entry with that number of entrants. Given that dl plants are identica prior to recelving their cost
and location draws, the fraction surviving in equilibrium is dso the ex-ante probability of surviving the
shakeout. The product of this probability and average equilibrium profits gives the expected vaue of
entry for that N, and dengity leve. If thisis gresater than the sunk cost G incurred to receive a cost and
location draw, N, isincreased by one and the processis repeated. This continues until the expected
value of entry net of the sunk cogt is negative. Neniry fOr agiven dendty leve isSmply the largest value
of N, such that expected net profits at entry are nonnegative™ | repest this process for each demand

1% The costs of each producer’simmediate neighbors are the costs above and below the plant’s own cost in
the vector, with the exception of the first and last elements (plants). Thefirst plant hasits neighbors' costsin the
second and last position on the vector, and the N plant’ s neighboring costs are in the (N-1)" and first positions.

" Ny Will be necessarily be uniqueif both the probability of surviving shakeout and equilibrium profits are
weakly monotonically decreasing inN, for a given demand density level. | found thisto be true (averaging across a
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densty vdue.

Once Nenyry is known for each demand density level, the model is smulated with this number of
entrants and descriptive datistics are caculated from the equilibrium. Again, to reduce gatistica noise
inthe results, | average these summary statistics over 10,000 equilibriafor each density leve.

Figures 1-5 show equilibrium summary statistics from smulations across arange of demand
densty levels. Plant margina cost draws are uniformly distributed on the interva [0.9, 1.1] and the
exogenous variables are set asfollows: t = 1, F = 0.00025, and G = 0.00015. Figure 1 showsthe
primary testable hypotheses of the paper, and indicates that the mode! is consstent with the intuitive
notions forwarded in the introduction. It presents plots of three moments of the equilibrium productivity
distribution (the standard devition, the smple mean, and the mean weighted by plant output shares) as
demand density varies. Clearly, higher market dengity increases average market productivity levels
while decreasang disperson. There gppears to be a diminishing margind impact of density increases for
both productivity digperson and levels, but with a highly stylized model it may be imprudent to extend
thisimplication to the data. The Sgns of the functions’ first derivatives are the primary concern here.
The roughness seen in the plots epecidly at low dengity levelsis an artifact of the integer restriction on
the number of entering plants, suggesting that integer constraints may play noticeable rolesin smdler
markets.?

Figure 2 shows how demand density influences the number of producers at entry and after the
shakeout. The number that would be supported in the stlandard symmetric-cost (homogeneous
producer) equilibrium is aso shown for reference. All are increasing concave functions of dengty. As
expected, the post-shakeout number of plantsis uniformly lower than the number entering, aswell asthe
number supported in the homogeneous producer case. The number of entrantsisfar grester than in the
symmetric cost equilibrium (where every entrant ends up producing). Figure 2 adso depicts the most
crucid factor driving the patternsin loca productivity distribution moments shown in Figure 1: the gap
between the number of entrants and those that survive the shakeout grows with increases in demand

number of outcomes because of their stochastic nature) in my computations. This makesintuitive sense. We know
from the homogeneous producer case that atotal market size of D can support afinite number of producers with
nonnegative profits. Hence, asthe number of entrantsincrease, the fraction that make it through the shakeout will
declineon average. (For large D and small N,, all entrants will be profitable upon entry, so that while the probability
of survival may not always decrease asN, grows, it does not increase.) Likewise, given that alimited market must be
split between a greater number of producers, equilibrium profits for afixed D decline asN, grows.

2 This occurs when an increase in demand density is not enough to spur an additional entrant, even though
it does increase the average number of equilibrium producers. In such cases, the shakeout processisslightly less
rigorous at the higher density level, causing the equilibrium productivity momentsto exhibit step-like behavior at
these locations. The effect might even be strong enough to cause small non-monotonicitiesin the function.
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dengity (except when the integer congtraint on entrants binds). As the proportion of the initia entrants
eliminated during the shakeout grows with higher dendity levels, plants with cost/productivity draws thet
are margind a lower dengty levels are forced to exit. Thisfurther truncates the productivity distribution
from below, and leads to higher-density markets exhibiting increased centra tendencies and decreased
diperson in their productivity digtributions.

The connection between the intensity of the shakeout and the productivity momentsis most
vividly displayed in Figure 3. Here, | plot the how the fraction of entrants that survive the shakeout—
the unconditiona probability of successful entry—and the average productivity level of equilibrium
producers change with theleve of D. As can be seen, the two functions are nearly mirror images of
each other; the average productivity level rises asthe fraction of successful entrantsfalls. Even the
jaggedness in the entry probability series (again arigng from integer restrictions on the number of
entrants) is reflected in the average productivity levels. These patterns are dso mirrored in the functions
of the other productivity moments (see Figure 1). It is gpparent that changesin the shakeout’ s intengity,
reflected in the fraction of entrants surviving to produce in equilibrium, are responsible for demand
density’ sinfluence over the productivity digtribution moments.

Theimplications regarding market structure’ s ability to truncate the distribution of producers
cost levelsis not unique to thismoded. There are other heterogeneous- producer models, such as those
of Hopenhayn (1992) and Mdlitz (1999), that incorporate an endogenoudy determined cutoff cost
(productivity) level above (below) which producers cannot profitably operate. By changing demand-
dde factorsin these models (for example, in the Mditz framework, by dlowing the adticity of
substitution between the producers' outputs to be an endogenoudly determined function of producer
density), one can obtain Smilar results. 1 choose the current modd because it includes an explicit patid
dructure, missing from other modds, for an industry in which purchase decisons are made in part on a
geographical basis.

Figure 4 shows how average markups and profits change with demand dengity. Equilibrium
average markups decline asymptoticaly toward one as density rises, but average profits climb.
Therefore the greater subgtitutability customers have in higher-densty markets yields more competitive
pricing, but at the same time, producers who survive the shakeout more than make up for thiswith
increased sdlesin their market areas. This contrasts with the homogeneous producer case, in which the
lower margins exactly counteract the profit-increasing tendencies of higher market dengities.

Figure 5 plots the behavior of average plant Sze (measured in output terms) as demand dengty

changes. It riseswith dengity. Itsrate of incresse relies upon the difference between the growth rates of
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dendty and the number of producersin equilibrium. The ratio of producers to demand unitsis smply
the reciprocd of average plant Szein thismode, so | do not plot it here. The modd impliesthat this
ratio decreases in dendity, of course.

The reaults above pertain to the impact on the mode of changes in demand dengity for fixed
vaues of the other exogenous parameters. | have dso smulated the model using various values of t, F,
and G. Changesin these exogenous parameters do not affect the qualitative nature of dengity’s effects.

These changes do, however, cause quantitative shifts in the modd’ s outcomes. | briefly summarize
them here.

Anincrease in trangport cost t induces greater entry, alows more producersin a market of a
given gze, and dlows increased markups. At the same time, it lowers post- shakeout profits, increases
productivity dispersion, decreases the average productivity level, and shrinks the producer-customer
ratio. These outcomes result from the loss of subgtitutability customers suffer when transport costs rise.

Rising trangport costs have the same quditative impact on the model as does a drop in demand density
because both induce a decrease in subgtitutability.

A risein the fixed cost of production F lowers the number of entrants and post-shakeout
producers, while at the same time increasing the sustainable markup, post-shakeout profits, average
productivity levels, and producer-customer ratio. Productivity dispersion declines. These results make
sense because increased fixed cogts eiminate those plants with marginal progpects for profitability.
Therefore only the more efficient producers survive shakeout when F rises. This both truncates the
productivity digtribution further from below and results in fewer producersin equilibrium, serving to
increase post-shakeout markups and profits.

A riseinthe sunk cogt of entry G aso lowers the number of entrants and post- shakeout
producers. Thisisunsurprisng given that high sunk costs deter entry. The decline in the number of
producers serving a given market size results in higher markups and post- shakeout profits, just asin the
case of arisein fixed production costs. However, the effect on the productivity distributionisin the
opposite direction: a greater sunk entry cost decreases average productivity levels and increases
disperson. These results are driven by the fact that producers must determine whether to incur the sunk
cost before they receive their cost and location draw, rather than after, asis the case with the fixed
production cost. While the production cost affects rlaively high-cost plants much more adversdy than
low-cogt entrants (it reduces profits for more efficient producers but drives less efficient ones out
dtogether), ahigh entry cost affects dl plants equally because plants do not yet know their prospects

when they pay the entry cost. The negative effect of sunk costs on the number of entrants is therefore
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greater than its resulting indirect influence on the number of post-shakeout producers. Hence, whilehigh
fixed production costs tend to cleanse the market of inefficient firms, high entry costs make it easer for
low-productivity plants to successfully enter by lowering the intensity of the shakeout.

To summarize the empiricd implications of the modd that | test, an increase in demand density

in amarket implies the following:
- Thedispersgon of theloca productivity distribution declines.
The centrd tendency of the productivity distribution, in both smple and quantity-weighted terms,
rises.
The number of producers per unit of demand (e.g., per customer) falls.
The average sze of producers (as measured in output levels) climbs.

| now discuss the methodol ogies used to test these assertions.

[I. Productivity Estimation and the Market Segmentation Method of Instrument
Identification

The empiricd portion of this paper requires plant-leve productivity esimates. Typ